OBJECTIVE: To investigate the relationships between eating frequency (EF) and body weight status and to determine whether these relationships can be explained in terms of differences in physical activity levels, macronutrient intakes or energy compensation. DESIGN: Cross-sectional design; free-living subjects, 48 men and 47 women (aged 20±55 y, body mass index (BMI) 18±30), recruited in a workplace setting. MEASUREMENTS: Height and weight; skinfold thickness (four sites); EF, energy and macronutrient intakes (food diary, unweighed, recorded for seven consecutive days); physical activity (7 d activity diary and heart rate monitoring over 48 h period). RESULTS: In men there was a signi®cant negative correlation between EF and body weight, and an inverse relationship with body mass index (BMI). EF was positively correlated with % energy from carbohydrate, although not with total energy intake. In women, there was no relationship between EF and body weight status; however, there were signi®cant positive correlations between EF and total energy intake, and between EF and intakes of total carbohydrate and sugars. For both men and women, there were associations between EF and physical activity levels, approaching statistical signi®cance. CONCLUSIONS: In men, the association between increased EF and lower body weight status may have been in¯uenced by increased physical activity levels. As energy intake did not increase with EF, men appear to have compensated by reducing the mean energy consumed per eating episode. Energy compensation did not take place in women, with women who ate most frequently having the highest energy intakes, although this did not lead to higher BMIs. Physical activity, through participation in active leisure pursuits, may have been an important factor in weight control in women. The % contribution of carbohydrate to total energy was positively correlated with EF in both men and women, and further analysis showed that snack foods provided a higher proportion of carbohydrate than did foods eaten as meals. These results indicate that a high EF is likely to lead to a high carbohydrate diet, which may be favourable for weight control. Our ®ndings suggest that in this population, a high EF was associated with leanness in men, and there was no link between EF and body weight status in women.
Introduction
Prevention of obesity is one of the highest priority nutritional targets in the UK, 1 as it is associated with increased risks of cardiovascular disease, diabetes, hypertension and cancer. 2, 3 The prevalence of obesity is increasing, with clinical obesity (body mass index, BMI b 30) increased by 7% in men and by 8% in women since the early 1980s. It is predicted that if this rate of escalation continues, 18% of men and 25% of women would be clinically obese by the year 2005. 1 It has been suggested that snacking may be a cause of obesity, if the consumption of snack foods and`calori®c' drinks between meals increases total energy intake. 4, 5 The Booth hypothesis 4 suggests that snacks taken more than an hour before meals fail to elicit satiety and compensatory responses at subsequent meals, leading to overeating and obesity. However, epidemiological evidence does not support the theory that snacking adversely affects energy balance and body weight. Some early studies of eating patterns and body weight status found an inverse relationship between adiposity and overall eating frequency (EF), 6±8 while more recent studies have reported a gender difference, 9 or no relationship between the EF and body weight status. 10±12 It is important to note that in those studies which have found a relationship, the relationship is consistently inverse.
Some explanation for the con¯icting results from previous studies is offered in a recent study by Summerbell et al 12 who found an inverse relationship between feeding frequency and BMI in adolescents, but not in three older age groups. However, the relationship, signi®cant in the adolescent group as a whole, was lost when invalid dietary records from under-reporters were excluded. Summerbell argues that these ®ndings have implications for the interpretation of earlier studies, which did not screen dietary records for valid energy intakes. Dietary under-reporting has been shown to be particularly prevalent in obese subjects; 13, 14 it may be biased toward snacks, giving the impression that a low EF is positively related to adiposity. 15±18 Moreover, selective underreporting of snacks by obese subjects may confuse the interpretation of studies of the macronutrient composition of diets and the control of body weight. 16±18 The problem of under-reporting has been discussed in a number of recent studies, which indicate that underreporting may be more widespread and more dif®cult to identify, than was previously thought.
19±21
Even when under-reporters have been excluded, the importance of assessing behavioural factors, such as eating restraint, has been highlighted recently by Crawley and Summerbell. 22 In a follow-up study of a sample of 731 free-living teenagers, they found an inverse relationship between feeding frequency and BMI, which was signi®cant after exclusion of under-reporters. However, the relationship was negated when dieting behaviour and eating restraint were taken into account, leading to the conclusion that the relationship was an artefact of dieting and dietary restraint in teenagers rather than simply under-reporting. 22 This suggests that the contradictory ®ndings from earlier studies of EF and body weight may be partly attributable to differences in eating behaviour in different study populations. These and other methodological issues affecting studies of the periodicity of eating, particularly the lack of consensus on a speci®c de®nition of eating patterns, have been reviewed by Gatenby. 23 Recent investigations of obesity and the relationships with food intake have centred on the macronutrient composition of the diet, rather than the overall energy content. Studies indicate that high fat diets are positively associated with a high body weight status whereas high carbohydrate diets are associated with leanness. 24±26 An inverse relationship between percentage energy from sugar and body weight status is also well-documented. 27, 28 Dietary fat is thought to be obesity-promoting due to its high energy density, its palatability, 29 its weak effect on satiety 30 and the fact that it is more ef®ciently converted to body fat than is carbohydrate. 31 By contrast, carbohydrate is less energy dense, more satiating, 32 its conversion to body fat is inef®cient and it may induce a higher thermogenic response than fat. 31 In terms of eating patterns, evidence from two studies 33, 34 indicates that, compared with main meals, snacks tend to be higher in carbohydrate and lower in fat; thus an increased EF may be associated with an increased carbohydrate : fat ratio, which may be bene®cial in body weight control. Recent work by Stubbs et al 35 suggests that a key factor in¯uencing appetite is the energy density of foods, which in turn is determined by their macronutrient composition.
Increased snacking need not lead to obesity if energy compensation takes place, that is, if the energy consumed at main meals is reduced, although this energy compensation response varies with different population groups and with differing levels of dietary restraint. It appears that normal weight, dietary unrestrained males and children compensate well, by adjusting energy intake at main meals in response to energy de®cit or surfeit at preceding eating occasions. 32 ,36±38 Obese subjects have consistently been found to be poor compensators 39, 40 and women are more likely than men to be poor compensators.
Sedentary lifestyles and lack of physical activity are thought to have at least as important a role as diet in the aetiology of obesity, 41, 42 and this is now recognised as one of the most modi®able components of the energy balance equation. 15 Physical activity increases energy expenditure due to the direct energy cost of the activity, the enhanced dietary induced thermogenesis (DIT) levels found after physical activity 43 and by promoting the development of lean body mass inducing a higher basal metabolic rate per kg. 44 None of the published studies of EF and energy balance have included a measure of physical activity levels in subjects. Higher levels of physical activity may promote a higher EF to meet increased energy requirements; indeed, it has been suggested that a higher EF may promote spontaneous physical activity. 45 In summary, many aspects of the relationship between eating patterns and body weight control remain unclear. Despite the lack of empirical evidence, the view that snacking causes obesity is now widely accepted, both in professional guidelines on obesity prevention 46 and by the general public. However, advice to limit snacking on a reducing diet may be inappropriate, since eating snacks between meals may have a bene®cial effect in reducing hunger and preventing subsequent over-compensation. 30 There is a need for more information on the role of EF in the control of body weight, if appropriate health promotion strategies for the prevention and management of obesity are to be developed. The aim of this study was to re-examine the Booth hypothesis 4 by investigating the relationship between EF and body weight status in free-living men and women, and to evaluate the effects of variations in EF on macronutrient intakes, energy compensation and physical activity levels.
Methods

Subjects
Subjects were volunteers recruited from two large manufacturing companies in Edinburgh and Glasgow.
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Eligibility requirements for the study were BMI between 18±30, aged between 20±55 y, not pregnant or nursing, not suffering from any known disease or disability and not on any dietary regime, whether medical or voluntary. Of the 150 subjects initially screened, 112 ful®lled the selection criteria and were enrolled in the study. 17 subjects failed to complete the full programme of assessments and a total of 95 volunteers (48 men and 47 women) completed the study. Approval for the study was granted by the Ethical Committee of Queen Margaret College.
Procedure and measurements
Anthropometric measurements were made on one occasion only, at the beginning of the study. Subjects were weighed without shoes or jacket on portable scales (Soehnle, up to 127 kg in 0.5 kg intervals). Heights were measured using a portable stadiometer (Leicester height measure) calibrated up to 2 m in 0.1 cm increments. Skinfold thicknesses at 4 sites (biceps, triceps, sub-scapular and supra-iliac) were measured using Harpenden calipers. Percentage body fat was estimated using the method of Durnin and Womersley. 47 Food intake was determined using the unweighed diary method. Food diaries, which included a record of the time of eating, were kept for seven consecutive days. The main focus of the study was on EF and the unweighed method was used in an effort to increase compliance and minimise under-reporting of snacks. Subjects were instructed in the accurate completion of diaries by a research assistant (SD). Data from the food diaries were used to estimate dietary intake, to allow the relationships between EF and mean daily intakes of energy and macronutrients to be assessed. Standard food portion sizes were assigned 48 and individual food records were analysed for energy and macro-nutrients, using the COMP-EAT 4 nutritional package (Nutrition Systems Ltd, London, UK).
Data from the food diaries were also used to calculate EF, the average number of eating occasions/d. An`eating occasion' was de®ned as any occasion when food was taken. If two eating occasions occurred within 15 min of each other, both events were counted as a single eating occasion. The de®nition excluded drinks which were consumed in the absence of food, unless the drink was milk in excess of 0.5 pint, when the nutrient contribution was considered to be equivalent to a food. This de®nition was chosen to avoid the ambiguities of describing eating events as either`meals' or`snacks' and to provide a highly speci®c measure of eating episodes in our study population, which included shift workers. The term EF is used throughout the present report, with one exception, viz in the comparison of our results with published studies of the macronutrient composition of meals and snacks. For this purpose only, data from the food diaries were re-analysed, and each eating occasion was classi®ed as a`meal' or a`s nack', where a`snack' was de®ned as any food or calori®c drink taken outside a regular mealtime (that is, breakfast, lunch and dinner) or a snack item taken in place of such a meal. Snack items eaten instead of a meal included: a piece of fruit, a chocolate bar, a packet of crisps or nuts, biscuits, a yoghurt, a cake/ muf®n/scone/pastry, a glass of milk, a piece of raw vegetable, a piece of cheese, sweets.
Two methods of assessing physical activity were used. An activity diary, graduated in 2 min increments, was kept by each subject, over the same period of seven consecutive days as the food diary. The time spent in every activity undertaken throughout the day, together with time asleep, was used to estimate mean daily energy expenditure, using the method set out by COMA (1991), where time spent in each activity is multiplied by the estimated physical activity ratio. 49 Energy expenditure was expressed as physical activity level (PAL), a multiple of basal metabolic rate (BMR) which was estimated using Scho®eld's equations. 49 For each subject, separate calculations were made for the percentage of total energy spent in manual activities at work and in physically active leisure activities. The combined results gave energy expenditure for all activities. Heart rate was also recorded for two days during this period (one working day and one weekend day), using heart rate monitors (Polar-electro Sports Testers, with a capacity for 33 h continuous recording). The results were expressed as the proportion of the time spent with an elevated heart rate, that is 20±40 beats above resting heart rate and b 40 beats above resting heart rate.
Statistical analysis
The principal dependent variable used in this analysis was EF. Relationships between EF and body weight status, activity levels and macronutrient content of diets were investigated with SPSS for Windows, using Pearson correlation coef®cients (two-tailed). Data from male and female subjects were analysed separately, to allow gender differences to be assessed.
Results
Individual records of energy intake were scrutinised using the criteria of Goldberg et al 50 to screen for possible under-recording. Records from 16 subjects (6 males and 10 females) had energy intake : BMR ratios which were below the cut-off of 1.1 and these subjects were excluded from the ®nal analyses, as suspected under-reporters. The group of under-reporters had a higher mean BMI, 26. 
Data from a total of 42 males and 37 females were included in the analysis. The characteristics of subjects are shown on Table 1 . Male subjects were slightly older than females, and mean BMI was higher in men than in women. EF was very similar in both groups, with both men and women eating an average of just over four times a day. No correlations were found between EF and age, in either male or female subjects. Men were slightly more active than women, having an average PAL of 1.63 compared with 1.53 for women. Men were more active in their working hours, 65% carrying out some form of manual work while only 11% of women performed manual work. A higher proportion of men, 74% men were physically active in leisure time, compared with 66% of women.
The correlation coef®cients between EF and body weight status are shown on Table 2 .
In men, there was a signi®cant negative correlation between EF and body weight (r 70.3436, P 0.03) and an inverse association between EF and BMI, although this failed to reach statistical signi®cance. In women, there were no signi®cant correlations between EF and either body weight, BMI or % body fat.
A gender difference was also seen when EF was compared with dietary intake, shown in Table 3 . In men, although there was no relationship between EF and energy intake, a signi®cant positive correlation was found between EF and carbohydrate intake, when carbohydrate was expressed as a percentage of total energy intake. In women, however, EF and energy intake showed a strong positive correlation, which was statistically signi®cant (r 0.4158, P 0.01); women who ate most frequently had the highest energy intakes. Signi®cant positive correlations were also found between EF and % energy from total carbohydrate, with a striking correlation between EF and carbohydrate intake expressed in grams (r 0.5429, P 0.001). Intake of sugars (g) was also positively correlated with EF (r 0.4170, P 0.01).
For both men and women, subjects who ate most frequently had the highest daily intakes of carbohydrate. To investigate this aspect further, the dietary records were re-analysed, with eating occasions classi®ed as either`meals' or`snacks', and their macronutrient composition assessed. The results showed that foods eaten as snacks provided 50% energy as carbohydrate, compared with only 41% in meals. Snacks were also higher in sugar and lower in protein than meals, although the % energy derived from fat in snacks (40%) was similar to the % fat energy from meals (42%).
The results of the physical activity assessments are shown on Table 4 . In men, there were no correlations between EF and either total energy expenditure (TEE), or energy expenditure at work or during leisure time. However, the heart rate results showed a signi®cant negative correlation (r 70.3362, P 0.04) between EF and time at an elevated heart rate (20±40 beats above resting heart rate, HR 20±40), but not with time spent at higher heart rates (!40 beats above resting). Further analysis showed that physically active men were signi®cantly leaner than less active men and there was a negative correlation (r 70.3094, P 0.04) between % body fat and time spent in activities with PAR b 2.5. In women, no correlations were found between EF and either total energy expenditure or physical activity in leisure time (% TEE leisure). However, further inspection of the data identi®ed a clear outlier (This subject (aged 28 y, BMI 22.5) had a sedentary lifestyle and an EF of 9.0, the highest in the study; the second highest EF in women was 6.0.) and when the data for this subject were excluded from the group results, a signi®cant positive correlation was found between EF and % Eating frequency and body weight SE Drummond et al TEE leisure (r 0.3332, P 0.047). There were no signi®cant relationships between EF and heart rate in women.
Discussion
This study set out to re-examine the Booth hypothesis, 4 which predicts a positive relationship between EF and body weight status in free-living subjects, and to evaluate the effect of EF on energy compensation, macronutrient intakes and physical activity levels. Particular care was taken to ensure that under-reporting did not bias the results. The importance of validating dietary records was highlighted by Summerbell et al, 12 who showed that a negative relationship between BMI and feeding frequency in adolescents, signi®cant in the group as a whole, disappeared when under-reporters were excluded from the analysis. The need for screening and the dif®culties of identifying under-reporters have been discussed in recent reports. 19±21 In the present study, the dietary assessment method chosen, the unweighed food diary, is thought to be less likely to lead to underreporting of snacks than weighed methods. 15 In the selection of subjects, obese volunteers (BMI b 30) were excluded from the study, as were subjects currently on a reducing diet, since previous studies have indicated that obese individuals may selectively under-report snacks. 16, 17 Finally, the individual dietary analysis results were screened for under-recording, using statistically validated procedures 50 and all suspect dietary records were excluded from the ®nal analyses. Compared to subjects with valid dietary records, the group of suspected under-reporters had a higher mean BMI and lower EF, consistent with other studies which have shown that under-reporting, particularly of snacks, may be characteristic of overweight and obese subjects.
In men in the present study, the inverse association between BMI and EF, though not statistically signi®-cant, is consistent with research by Fabry et al 6 and Metzner et al. 7 However, in a more recent study by Summerbell et al, 12 when the analysis was con®ned to subjects with valid dietary records, no such relationship was found. The choice of de®nition used to describe eating patterns may have had a bearing on the results. EF, de®ned as the number of eating occasions/d, where consecutive eating occasions are considered separate if they occur more than 14 min apart, was used in the present study. Summerbell et al 12 used feeding frequency, where food intake was de®ned in terms of six feeding periods per day (breakfast, mid-morning snacks, lunch, mid-afternoon snacks, evening meal and evening snacks) and feeding occasions which occurred less than an hour apart were treated as a single feeding occasion. Although each of these two methods of assessment may produce very similar results for subjects with a low EF, this is unlikely to be the case for populations with higher EFs. Feeding frequency, by de®ning speci®c feeding periods, may mask the number of actual eating occasions, especially when EF is high. 23 The use of EF, as de®ned in the present study, should provide greater discrimination of eating occasions in subjects at the upper end of the range, and this may account for the difference in results. We suggest that the relationship between ER and body weight in men, although weak, is real and is not an artefact of under-reporting, although it might not have been evident if we had chosen an alternative de®nition for example, feeding frequency, for the study. The inverse relationship between EF and body weight status, found for men in the present study, does not support the Booth hypothesis. 4 The results suggest that men with the highest EFs may also have been the leanest. Part of the explanation may be that high EF was not associated with an overall increase in energy intake; men appear to have compensated for extra eating occasions by reducing the mean energy per eating episode. By contrast, there was no evidence of energy compensation in women, who showed a signi®cant positive correlation between EF and energy intake. Women who eat most frequently had the highest energy intakes, indicating an additive effect of energy from successive eating occasions. These results are consistent with other studies which show that energy intake compensation is poor in women, a factor normally associated with obesity. 39, 40 Despite this, no relationship was found between EF and BMI or % body fat in women. Women who ate most frequently were no fatter or leaner than others. Taken overall, our results indicate that increased EF was not associated with higher body weight status in subjects in the present study.
Increased EF may have altered the macronutrient composition of the diet. EF was positively correlated with mean daily carbohydrate intake, but not with fat intake, in both men and women. Increased carbohydrate intake may have displaced fat in the diet; recent experimental evidence has shown that an increase in carbohydrate intake can in turn cause a passive isoenergetic reduction in fat intake. 51 As in previous work, 33, 34 our study showed that foods eaten as snacks were found to provide a higher proportion of energy from carbohydrate than foods eaten as meals. These results suggest that increased EF may lead to a higher carbohydrate : fat ratio, a change in macronutrient pro®le which is thought likely to favour weight control and the maintenance of a low BMI. 24, 28 Physical activity has not been assessed in previous studies of EF and energy balance, and this aspect is a novel contribution to the ®eld. In the present study, although there was no correlation between EF and TEE, there were other indications that a high EF may have been associated with increased physical activity. in women, EF was positively correlated with physical activity in leisure time; this increased energy expenditure appears to have been suf®cient to offset the higher energy intakes in women with a higher EF. This may partly explain who women who ate most frequency maintained a normal body weight, despite their lack of energy intake compensation. In men, although the relationships between EF and indices of physical activity were inconclusive, body fat was signi®cantly lower in the more active men in the study, and individuals with a higher proportion of lean tissue are likely to have higher energy requirements per kg for basal metabolism. 44 Moreover, although the issue of EF and DIT remains controversial, 52±54 physical activity is likely to cause a further increase in energy expenditure by potentiating the thermic effect of food. 5 These results suggest that physical activity may have an important in¯uence on the relationship between EF and body weight status, if subjects with higher EFs are also the most active. Increased EF may be driven by the energy requirements of increased physical activity and subjects taking part in exercise or active leisure pursuits may consciously modify the timing and size of eating events to suit these activities. We suggest that in future studies of the relationships between eating patterns and body weight status, especially in populations which include physically active subjects, the method chosen should be one which includes a direct assessment of the number of eating occasions per day, such as EF.
Conclusion
Our ®ndings suggest that in this population, EF was inversely related to body weight status in men and there was no link between EF and body weight status in women. Higher EF was related to leanness in men and this may have been associated with increased physical activity levels. Men appeared to compensate accurately for increased EF by reducing the size of subsequent eating episodes. In women, even in the absence of energy intake compensation, the higher energy intake associated with a high EF appears to have been balanced by greater energy expenditure from physical activity, suf®cient to prevent an increase in body weight. The results indicate that energy expenditure from physical activity may be a key factor in¯uencing weight control in subjects who eat frequently, and this is an aspect which merits further investigation. For both men and women, the results suggest that increased EF may contribute to a dietary intake in line with current national guidelines to increase carbohydrate intake and lower fat intake. The combination of a high EF and increased physical activity may form an effective strategy for the control of body weight status.
